INTRODUCTION
This report presents two tables. The first is a comprehensive table of 157 young igneous systems in the western United States, giving locations, physical data, and thermal energy estimates, where apropriate, for each system. The second table is a list of basaltic fields probably less than 10,000 years old in the western United States. These tables are updated and reformatted from Smith and Shaw's article "Igneousrelated geothermal systems" in Assessment of geothermal resources of the United States 1975 (USGS Circular 726, White and Williams, eds., 1975) . This Open-File Report is a companion to Smith and Shaw's article "Igneous-related geothermal systems" in Assessment of geothermal resources in the United States 1978 (USGS Circular 790, Muffler, ed., 1979) . The article in Circular 790 contains an abridged table showing only those igneous systems for which thermal estimates were made. The article also gives an extensive discussion of hydrothermal cooling effects and an explanation of the model upon which the thermal energy estimates are based.
Thermal energy is calculated for those systems listed in table 1 that are thought to contribute significant thermal energy to the upper crust. As discussed by Smith and Shaw (1975) , silicic volcanic systems are believed to be associated nearly always with high-level (<10 km) magma chambers. The thermal calculations in table 1 are made primarily for volcanic systems which show evidence from the presence of young silicic extrusions that a high-level magma chamber is being formed or has formed in the recent past. Table 2 lists young basaltic lava fields that are probably less than 10,000 years old. The purpose of this listing is simply to call attention to these areas of very young basaltic eruptions where there may be very small thermal anomalies residual from the last magma injections in the upper crust. These areas and many older ones are shown by Luedke and Smith (1978a, 1978b , and in preparation) in a series of maps showing distribution, composition, and age of all late Cenozoic volcanic centers in the United States. Smith and Shaw (1975, p. 78 ) discussed young basic lava fields briefly and suggested that they should not be totally ignored for geothermal exploration. They do represent viable mantle sources for new magma and some fields may have small but significant thermal anomalies associated with hidden high-level silicic bodies. However, in general, exclusively basic volcanic systems rarely form thermal anomalies of economic interest because they rarely form high-level magma chambers that remain exclusively basic.
THERMAL ENERGY ESTIMATES
Three categories of thermal energy are given in table 1. AQtotal (column 10) is the thermal energy liberated if the entire magma chamber cools from an initial temperature of 850°C (the appropriate liquidus temperature for most silicic magmas) to a final temperature of 300°C (assumed ambient temperature) starting from a fixed time (in most cases, the age of the youngest silicic eruption). AQnow (column 11) is the thermal enegy which remains in the system at the present time within and around the original magma chamber. This energy constitutes the identified accessible resource base for igneousrelated geothermal systems as defined in USGS Circular 790 and is summarized in table 3 of Smith and Shaw (1979) . AQ0Ut (column 12) is the thermal energy transferred from the magma chamber to the roof rocks between the assumed time of emplacement of the intrusive body and the present. Three assumptions were used when making these thermal calculations: 1) a single pulse of magma is instantaneously emplaced and cools conductively from that time, 2) for most systems, the time of emplacement is taken as the age of the youngest silicic extrusion, and 3) no additional thermal energy is contributed by magmatic preheating or resupply.
Calculations of heat contents are approximate. The number of significant figures retained is determined from requirements of internal consistency among columns 10, 11, and 12 for systems so old that much of their heat has been lost at the surface on the basis of the model. For example, the possibility of a slight residual heat content is indicated in Column 11 for OR19 (Wart Peak caldera, Oregon) and is roughly proportioned equally between roof rocks and igneous pluton. Thus, roughly 8 x 10 18 j are residual so that about 4 x 10 18 j are left, respectively in the pluton and in the roof rocks and 356 x 10^-° J have been given up by the pluton to the roof rocks and losses at the surface; that is 352 x 10 18 J have been totally lost from the system to the surface.
In very large, older systems like ID6 (Rexburg Caldera), calculations for columns 11 and 12 are very crude, particularly because of the limitations of closed-system models. In this case, the entries in columns 11 and 12 simply represent stabs at the orders of magnitudes of the possible heat balances. In such cases, the estimates are probably conservative.
-2 -ENTRY CHANGES Table 1 of this report has been revised from table 7 of Smith and Shaw (1975; USGS Circular 726 (IW-1 in 1975) has been changed to Island Park System (ID-1). In table 1, Island Park has two chamber area figures: 3900 Ac -the area of the original caldera system (2 m.y. old) and 2100 Ao -the area of the western part of the system which is not overlapped by the younger (0.6 m.y. old) Yellowstone Caldera (WY-1).
The thermal estimates in this report are given in joules (instead of in calories as in Circular 726). A number of systems have significantly different thermal energies because of recalculations made with new age and size data. These systems include: Adagdak (AK-14), Kendrick Peak (AZ-3), Bill Williams Mountain (AZ-4), Melvin-Three Creeks Buttes (OR-7), Gappy-Burn Butte Area (OR-8), Mineral Mountains (UT-1), and Cove Creek Domes (UT-2).
The coordinates of the igneous-related systems have been revised to best approximate the center of the caldera or the vent distribution. In some cases other physical criteria had to be used.
CIRCULAR 790 MAPS
The young igneous systems in table 1 are plotted on maps 1 and 2 of U. S. Geological Survey Circular 790. Those systems for which an estimate of the thermal energy still remaining in the ground (AQnow ; Column 11) can be made are shown on the maps by nested green triangles. For each system the number of triangles indicates the range of values in which the thermal estimate falls. Igneous systems in table 1 for which no estimates of thermal energy are made are symbolized on the maps by -3 -green snowflakes. The young basaltic fields of table 2 are also plotted on maps 1 and 2 of Circular 790, as brown shaded areas. The identifying numbers and letters in column 1 of tables 1 and 2 refer to the individual systems plotted on the maps. Longitude in column 3 is west unless otherwise noted (AK1 to AK7). Volcanic systems marked by asterisks in column 1 are known to have some associated hydrothermal activity (see Brook and others, 1979) . INPUT 
DATA
The input data from which all thermal estimates are made are shown in columns 4-9 of table 1. The physical basis of specific numbers is indicated by symbols which are explained below. The composition of the last eruption (for example, silicic or basic) and age data are listed in columns 4 and 5, respectively. Area of the magma chamber (column 6) is based on various surface manifestations of volcanism, geologic structure, or geophysics. The volume range of the chamber (column 7) is calculated by assuming the thickness of the magma chamber ranges from 2.5 to 10 km. This range is reduced to a single "best estimate" (column 8) to simplify the thermal calculations. Some volumes are derived by ten-fold extrapolation of ejecta volumes (Smith and Shaw, 1973, and unpublished) . Column 9 indicates our best estimate (based on Smith and Shaw, 1979, fig. 3) as to the present thermal state of a magma chamber that is, whether or not magma exists in the system now. Many entries are shown as greater or less than 650°c, which is the approximate minimum temperature of solidification of granitic melts. For those systems whose age and size data are incomplete, no thermal energy estimates are made. he above values are approximate averages for the composition and temperature ranges of table 1. From these values the heat liberated by crystallization and conductive cooling between 850°C and 650°C is (850°C -650°C)(1.3 J/g/°C) + 271 J/g = 523 J/g. The total heat liberated in the same manner between 850°C and 300°C is 963 J/g. The time required for a change of the original gradient at the Earth's surface to a steady-state gradient between the surface temperature and the magma chamber temperature is given approximately by relations discussed by Jaeger (1964) . For the assumed depth of cover of 4 km and a thermal diffusivity of 0.007 cm2/sec, this time is about 360,000 years. Where Ty (age of last eruption) is much younger than this time, the total heat remaining in the system now (column 11) is assumed to be about the same as the total value in column 10. Estimates of losses for older systems require detailed calculations of the disturbance of the geothermal gradient.
EXPLANATION OF SYMBOLS IN
The value of thermal diffusivity used is an average estimate for crustal rocks. Roof rocks above large caldera systems such as Yellowstone, Wyoming (WY-1), Valles, New Mexico (NM-1) and Long Valley, California (CA-3) may have smaller values of conductive thermal diffusivity. Hydrothermal convection systems, however, can increase the effective value of thermal diffusivity by a significant amount, depending on average permeabilities of roof rocks.
COLUMN 12, AQout , in units of 10 18 joules
The total amount of heat transfer per square centimeter from a magma chamber into roof rocks is given by Carslaw and Jaeger (1959, p. 61) and also is discussed by Shaw (1974) . Using these relations the total heat transfer (Ag out) in column 12 is given by: AQout = 216Atŵ here A is contact area (from column 6 converted to square centimeters) and t is the time in seconds since Ty. Calculations in column 12 are approximately valid only if the time of solidification is greater than Ty in column 5. The time of solidification is approximated by lines 3 and 4 in figure 3 of Smith and Shaw (1979) .
If Ty is much greater than 360,000 years and the time for solidification, the calculation of heat content is ambiguous because of the increasing importance of hydrothermal losses. On the basis of conduction models, however, the total time for decay of igneous-related thermal anomalies may be very long. As an example, the time required for the central temperature in a magma chamber of horizontal slab-like geometry to decay from -6 -the initial magma temperature to nearly ambient temperature is about 2 m.y. for a magma chamber 5 km thick and about 10 m.y. for a chamber 10 km thick. Even a liberal allowance for hydrothermal losses means that the igneous-related thermal anomalies for the largest systems of table 1 probably are preserved for times of the order 10 m.y. or longer.
Queries in columns 10-12 mean that even though data exist, we are not confident that they pertain even approximately to the assumptions of the calculations. Blank spaces in the table mean that more geological and geochronological study is needed before we are willing to make estimates. 
